The purpose of this in vitro study is to compare the colour changes of five different tooth-coloured restoratives: Ormocer (Definite/ Degussa), compomer (Dyract AP/Dentsply De Tray), packable composite (Filtek P60/3M), flowable composite (Filtek Flow/3M) and hybrid composite (Filtek Z250/3M) after two different bleaching regimens [Vivastyle (10% carbamide peroxide)/Vivadent and Crest Professional Whitestrips (6.5% hydrogen peroxide strip bands)/Procter & Gamble]. Fifteen specimens of 30 Â 30 Â 2 mm 3 size were fabricated from each material and randomly divided into three groups of five. Specimens in group one were stored in distilled water at 37 C for two weeks and served as control. Group two specimens were treated with Vivastyle for two hours per day for two weeks and group three specimens were treated with Whitestrips for 30 min twice daily for two weeks. During the test period the specimens were kept at 37 C and in 100% relative humidity. At the end of the bleaching regimens colour measurements of the control and test groups were made with UV visible recording spectrophotometer. Colour changes were calculated with the use of the CIE-LAB uniform colour scale and compared by the use of Kruskall-Wallis test, followed by the Mann-Whitney U test. Control, Vivastyle and Whitestrips L*, a* and b* values differed significantly for all materials except Filtek Z250 ( p < 0.05). All restorative materials demonstrated significantly higher colour change (ÁE) with Whitestrips ( p < 0.05). Dyract AP demonstrated the highest colour change both for the bleaching regimens followed by Filtek Flow, Definite, Filtek P60, and Filtek Z250 showed the smallest colour change. Colour change of plastic restorative materials during bleaching is both filling material and bleach specific.
INTRODUCTION
T he appearance and colour of teeth is important to many individuals seeking dental treatment. Dentistry has succeeded in preserving natural teeth, even in older patients, so that lighter coloured teeth have become attainable for most people.
Vital tooth bleaching with peroxide is one of the most common cosmetic procedures in dentistry. In 1989, Haywood and Heymann [1] reported on the night guard vital tooth-whitening technique and demonstrated bleaching to be both safe and effective. Since then, vital tooth bleaching has become more and more popular. During the 1990s, many professionally dispensed, at-home whitening products were introduced, using custom bleaching trays and carbamide or hydrogen peroxide-based whitening gels [2] [3] [4] [5] .
Recently, Sagel et al. [6] described an alternative method for vital tooth whitening without fabrication of a custom tray. Applied directly to the tooth surfaces, this thin flexible polyethylene strip coated with a hydrogen peroxide bleaching gel may afford some advantages relative to the tray-based system [7] .
There are several reports on the effects of home bleaching systems on restorative materials [8] [9] [10] [11] [12] [13] , however no study about the effects of these strips on restorative materials has been reported so far.
During the past decade new generations of tooth-coloured restorative materials such as flowable, packable composites, ormocers and compomers were introduced in the dental market [14] . As the colour of aesthetic restorations is one of the most important factors that affect clinical success, the purpose of this in vitro study is to evaluate the degree of colour changes of some tooth-coloured materials bleached by 10% carbamide peroxide (Vivastyle) and a whitening strip containing 6.5% hydrogen peroxide (Whitestrips).
MATERIALS AND METHODS
Five different tooth-coloured restoratives were selected for this study. Characteristics of the materials according to manufacturers are given in Table 1 . Shade A 3 was selected for all materials but colour differences among products and manufacturers were still perceptible.
Fifteen specimens of each restorative material were fabricated using plexiglass moulds (30 Â 30 Â 2 mm 3 ) covered by polyethylene sheets and pressed flat with glass plates. Materials were placed incrementally in three stages and cured for 40 s after each increment with curing light (Hilux Expert, Benlioglu Dental Inc., Ankara, Turkey) through the glass and polyethylene sheets on the top and bottom of the specimens. The intensity of the light-curing unit was checked before each sample was run, using a curing light meter (Hilux Dental curing meter, Benlioglu Dental Inc., Ankara, Turkey). Following light curing the specimens were removed from the moulds and placed in 37 C distilled water for 24 h. Each specimen was polished with Sof-Lex discs (3M Dental Products St Paul, MN 55144, USA) starting with coarse and ending with extrafine. After randomly dividing into three groups of five, specimens in group one were stored in distilled water at 37 C for two weeks (control). Group two specimens were treated with 10% carbamide peroxide (Vivastyle/Vivadent Ets., Schaan, Liechtenstein) for two hours per day for two weeks and group three specimens were treated with 6.5% hydrogen peroxide strip bands (Crest Professional Whitestrips/ Procter & Gamble Co., Cincinnati, USA) for 30 min twice daily for two weeks. As the specimen size was large enough (30 Â 30 Â 2 mm 3 ) two maxillary whitening strips (65 Â 15 mm 2 ) were applied onto one specimen. During the test period the specimens were kept in a humidor at 37 C and 100% relative humidity. Each day after the active treatment period the specimens were rinsed with distilled water to remove the bleaching agents. At the end of the bleaching regimens, colour measurements of the control and the test groups were made with an ultraviolet-visible recording spectrophotometer (Cary 500 Win UV-VIS-NIR, Varian Optical Spectroscopy Instruments, Mulgrove, Victoria, Australia). All specimens were measured twice and the average values were calculated. The CIE 1978 L*, a*, b* colour system was used for the determination of colour difference [15] .
The data were subjected to statistical analysis. Kruskall-Wallis variance analysis was used to determine any significant colour change. The differences among the groups were tested with Multiple Comparison Formula. To compare the effects of bleaching agents on the colour change of each material, the Mann-Whitney U test was used. Table 2 shows L*, a*, b* values of control and test groups. ÁL, Áa, Áb and ÁE values of the restorative materials after two bleaching systems are presented in Table 3 .
RESULTS
Control, Vivastyle and Whitestrips L*, a* and b* values differed significantly for all materials except Filtek Z250 (Kruskall-Wallis test, p < 0.05).
All restorative materials demonstrated significantly higher colour change (ÁE) with Whitestrips. Whitestrips application caused more colour change than Vivastyle application for all materials tested ( p < 0.05) (Mann-Whitney U test). Mean colour change of Dyract AP (6.94 AE 0.202) was the highest among materials bleached with Whitestrips, Table 2 . L Ã , a Ã , b Ã values of the restorative materials (X: mean, SD: standard deviation). Table 3 . ÁL, Áa, Áb and ÁE values of the restorative materials (X: mean, SD: standard deviation). 
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DISCUSSION
In this present study, two marketed tooth bleaching systems that differed with respect to peroxide concentration and regimen were compared. Vivastyle (10% carbamide peroxide) is a tray-based system, suggested by the manufacturers to be applied two hours a day for 14 days. Ten percent carbamide peroxide breaks into 3.5% hydrogen peroxide in the mouth [1] . Whitestrips contain 6.5% hydrogen peroxide and are used without tray, 30 min twice a day for 14 days. Both of these bleaching regimens affected the colour of the restorative materials. While both regimens were effective, Whitestrips demonstrated higher ÁE values than Vivastyle. This may be due to the higher concentration of hydrogen peroxide although the application time is shorter.
Besides the bleaching regimen the characteristics of the restoratives may have a direct impact on the colour change. The colour changes of the resin composites reported in the previous investigations were caused by the following factors: the chemical activator, resin initiator and inhibitor, activator progress, polymer quality, bis GMA of monomer, type and quantity of inhibitor, type of filler and quantity of filler, oxidation of unreacted carbon-carbon double bonds, ultraviolet light illumination, heat and water. In these studies, microfilled resin composites and conventional composites showed slight colour changes [16] [17] [18] [19] . In this study, although other materials tested had similar filler loading, the hybrid composite Filtek Z250 showed the smallest colour change.
The colour changes of composites was also influenced by the differences in resin shades, curing conditions, resin thickness, background colours for colour measuring, storage methods of specimens during observation, colour measuring methods, type of colour measuring instruments and observation methods [20] [21] [22] . In this study restorative materials were stored in 37 C distilled water to avoid the possible discolouration due to the salivary components, and A 3 shade was chosen for all restoratives to minimize the effect of shade. However, Uchida et al. [23] reported that colour change increased with the lightness of the shade. Dyract AP showed the highest ÁE values with both the bleaching regimens. This is in accordance with the previous results of other investigators [24] . They had already attributed it to the polyacid content of this material.
A colour difference of approximately one unit in the CIE Lab colour system is detectable for the human eye under uniformly controlled conditions [25] [26] [27] [28] . Therefore, a minimum difference of one unit in ÁE value can be used as a criterion for the comparison of colour changes in restorative materials. But several authors have reported that values of ÁE in the range 2-3 were just perceptible and that ÁE of 3.3 is the critical value for visual perception [29] [30] [31] [32] . On these bases, most of the restoratives in this study had perceptible colour changes. Filtek Flow was rated as just perceptible (3.90) and Dyract AP was ranked 4.52 with Vivastyle application. All the materials tested except Filtek Flow were ranked between 4.39 and 6.94 with Whitestrips.
Recently, it was considered that L*, a*, b* values are not enough to represent tooth colours and restorative colours. Gloss, transparency and light scattering of the specimens are also important to represent tooth colours and resin colours [33] . In another study Yalcin and Gurgan [34] reported that gloss of restoratives could also be changed by bleaching regimens.
